ABSTRACT
Introduction
The financial crisis that started in 2008 threw the Eastern-European region into an extended period of exchange rate depreciations and decreases of the capital market with serious consequences for the real economy in the upcoming years. The crisis firstly broke out in the USA with strong drops in the stock markets and dollar in September 2008, and was shortly followed by the contagion of Europe. The decision policy makers in the countries affected by the crisis, such as Poland and the Czech Republic, had some time to react and take the adequate measures to protect their currencies. In turn, governments of Romania and Hungary did not take appropriate measures; they even initiated measures contrary to the economic trend making the crisis consequences even worse.
The relationship between the capital market and exchange rates is a topic of paramount importance for economists, international investors, and political decision makers (Moore, Wang, 2007) . From the theoretical viewpoint the dynamic relationship between the capital markets and exchange rates gave birth to two models: on one hand, those oriented towards the exchange rates (they take into account the current account balance or the trade balance: the changes of the exchange rates influence international competitiveness and, thus, the incomes and the real production of the companies whose stocks react to the changes of the exchange rate; (Dornbusch, Fischer, 1980; Ma, Kao, 1990; Pavlova, Rigobon, 2007) , and, on the other hand, the models oriented towards the capital markets (the decrease in stock price leads to the drop in the domestic investors' wealth which, in their turn, lead to the lower demand for loans followed by lower interest rates. Subsequently, lower interest rates discourage capital inputs determining currency depreciation, and, hence, the dynamics of the exchange rate could be affected by the movements in the capital markets (Dominguez, Frankel, 1993; Bahmani-Oskooee, Sohrabian, 1992; Granger et al., 2000) .
According to the literature of reference, certain studies have been conducted in order to establish the relationship between the capital market and the foreign exchange rates, using different methodologies and data sets, but the results were not decisive (Hardoulevis et al., 2006) . Moreover, the majority of this research has been performed on the periods when the stock markets operated under normal circumstances (Granger et al., 2000; Kim et al., 2005; Syriopoulos, 2007 , Butt et al.,2010 Busch, 2011) . The returns under the crisis conditions will be smaller and the volatility higher, leading to a greater correlation among the markets specified in this study.
The aim of this paper is to investigate the possible relationships between the foreign exchange rates and the stock market indices in Central and Eastern Europe and, namely, the shortterm dynamic causality and the long-term balance correlations between exchange rates and stock prices in these four countries for the period January 2000 -April 2014, covering the EU adherence, and then the financial crisis from 2008. Initially it was intended to perform the analysis for all the Eastern European countries, but some of them have either adopted the Euro, or they have their currency in different fixed arrangements in relation to the Euro/dollar, so finally the analysis was undertaken in the Czech Republic, Hungary, Poland, and Romania.
Our study contributes to the literature in the following ways: First, it examines the major Eastern European markets for a long time: from 2000 to 2014. While previous studies were based on developed countries, the interest of this study focuses on four CEE countries: the Czech Republic, Hungary, Poland, and Romania, which have undergone profound changes during the analysed period.
Secondly, this analysis, based on identifying structural breaks using the Bai-Perron test, tries to estimate the links between the two markets during periods of the economic growth or the economic crisis. This is possible by dividing the initial time series into subseries corresponding to the events with significant impact on the economy.
Thirdly, it has been researched whether a cointegration relationship exists between the two markets, and it has been proved that during the periods of crisis the two markets show a cointegration phenomenon. The long-term equilibrium relationship between the two markets involve expression spillover phenomena: the slowdown in the economy leads to the lower stock markets causing investors to withdraw their capital, and these withdrawals generate pressure on the exchange rate.
Fourth, the methodology used in this study is new when dealing with the Eastern European countries: Bayesian VAR and Impulse function of BVAR. Using BVAR model is motivated at least by the following reasons: traditional VAR methodology involves two statistical phenomena, namely, oversimplification and overfiting, but BVAR eliminates these shortcomings of the classical theory; the more frequent use in the literature of other methodologies than the traditional VAR; imposition of restrictions generated by the economic theory; influence of the national markets on EUROSTOCK 50 is not simultaneous, but is out of phase; greater accuracy in estimation of the results.
The rest of the paper is organized as follows: section 1 provides the analysis of the literature; section 2 explains the econometric methodology; section 3 presents the empirical results and contains the analysis of the results; whereas the last section draws the conclusions.
Literature Review
Much vaster literature has appeared at the attempt to analyse the relationship between the exchange rates and stock markets in the last decades (Aggarwal, 1981; Jorion, 1990; Bahmani-Oskooee, Sohrabian, 1992; Amihud, 1993; Ajayi, 1998; Granger et al., 2000; Smyth, Nandha, 2003; Moore, Wang, 2007; Lin, 2012; Andries et al., 2014) . However, most of these studies were performed on the American market and present divergent results: some authors discover a significant positive impact of the dollar on the USA stock market; others find a bidirectional, short-term causality and not a stable, long-run relationship; while others discover that the real value of the dollar is negatively related to the stock index S&P500 by means of a long-term cointegration equation.
The second category of studies is represented by those that analyse the Asian markets, and, namely, those that appeared after the 1997 foreign exchange crisis (Ajayi et al., 1998; Granger et al., 2000; Phylaktis, Ravazzolo, 2005; Pan et al., 2007) , where the authors obtained contradictory results in terms of the bivariate Granger causality: unidirectional causality from the stock markets to the exchanges rates in the developed countries still with no conclusive result for the emerging markets.
In their turn, the European stock markets benefited from the increased attention of researchers (Corhay et al., 1993; Dickinson, 2000; Kanas, 2000; Syriopoulos, 2007; Lupu, Asandului, 2014) , still with non-decisive results, even in most cases, the cointegration relationships have been statistically supported. Moreover, some studies discovered that there is no cointegration relationship between the stock markets and foreign exchange rates (Choudhry, 1994; Fratzscher, 2002; Westerman, 2004) .
Although stock markets in Central and East Europe have been known for the important growth, the studies related to them are extremely limited, and the results, as well as those previously mentioned, are rather ambiguous and contradictory (Dajčman, 2014) . Jochum et al. (1999) analyse the East-European stock markets (the Czech Republic, Hungary, Poland) in relation to the United States of America and Russia for the period 1995-1998. Using the Johansen cointegration methodology, the authors find a short-term relationship between the markets during the pre-crisis period, which disappears when the stock market crisis occurs in Russia during the 3rd term of the year 1997, thus, noticing a massive change in the short-term market behaviour. In exchange Gilmore and McManus (2002) do not find any long-term relationship between the stock markets in the Czech Republic, Hungary, Poland, and the American markets; the Granger tests do not reveal causality among the Czech, Hungarian, and Polish markets and the USA market. Voronkova (2004) investigates the existence of some long-term cointegration relationships between the stock markets in the Czech Republic, Hungary, Poland and those from USA, Germany, France, and the UK and discovers that these markets show balance relationships with their mature peers proving that the Central European markets have become more integrated within the global markets. Stavárek (2004) analyses the relationship between the foreign exchange rates and the stock markets in the Czech Republic, Hungary, Poland, and Slovakia, EU countries (Austria, France, Germany, and the UK) and the USA, using monthly data for the period 1994-2004; the author does not find short or long-term relationships between these variables. Fedorova and Saleem (2010) investigate the period 1995-2008, on a weekly basis for the stock markets in Poland, Hungary, Russia, and the Czech Republic, and they reach the conclusions that in Hungary, the Czech Republic, and Russia there are significant effects between the two variables, whereas this does not exist in Poland.
Research Methodology
In the present study an autoregressive Bayesian vector, starting from the traditional VAR model will be estimated:
where yt is a vector m X 1 de t=1, ..., T observations of m variable time series, a0 is a vector of order m x 1 of the constants. Al is a m x m matrix of the regression coefficients for the position lag l, with p being the maximum number of lags.
If Y is defined as being the matrix of order T x 1 for which each dependent variable is separately presented in columns:
and β=vec(B), the traditional VAR model can be re-written under the Bayesian form:
Two time series are cointegrated even if they are not necessarily correlated, but there exists a linear combination between them that has a constant mean and variance; sooner or later they will return to the average value. It could be said that the two time series are in a steady long term relationship. Cointegration is the property of the non-stationary time series. The two integrated first order time series are cointegrated if a linear combination of them is stationary, although none of them is stationary.
If no cointegration relationship between the time series analysed is found, the following BVAR model is estimated for the first differences, each country, and each subperiod:
where Y = [Exch, Stock, Eurostock]; A1, Ap are matrices of order 3x3 and εt is an error vector of order 4x1. Exch, stock, and Eurostock are the returns of the logarithm time series of the series: exchange rates, stock exchange indices, and Eurostock50.
In order to apply BVAR, the exchange rate and the national stock are restricted from influencing at the same time the Eurostock50 stock market index, by imposing an exogenous block as follows:
where A(l) is a polynomial matrix of order 3x3 for the lag operator L, and ε(t) is a vector of order 4x1 of Bayesian anomalies.
where the hypothesis says that the errors are not correlated and that the A0 matrix indicators are non-singular. The imposition of an exogenous block is represented by the zero inputs in the matrix A (l), and implies that Eurostock50 is an exogenous variable for the exchange rates and stock indices in terms of simultaneity. These constraints reflect a likely supposition that the mature European markets are not simultaneously affected by the changes occurring within the East European exchange rates and the emerging stock markets is valid since the inverse relation. This is proved by the recent crises that occurred and their way of spreading: dot.com and subprime crisis occurred for the first time in the USA, and then due to the contagion effect they spread to the other countries. If this constraint has not been taken into consideration, it would lead to the non-adequate results of the impulse response function.
Long-Term Relations between Stock and Exchange Rates: VEC Model
In this section the different econometric tools used to develop this analysis will be presented. Within the empirical study will be used the daily data of the stock market indices and the foreign exchange rates in 5 countries in Central and East Europe: the Czech Republic (PX and Kruna), Hungary (BUX and Forint), Poland (WIG and Zlot), and Romania (BET and Leu), and as a control variable European Stock Exchange 50. The initial intention was to conduct a study on all the East European countries, but some of these adopted the Euro, whereas others went through different fixed listing regimes.
The daily data that have been analysed were collected from Bloomberg and Datastream covering the period 01.01. 2000 -30.04.2014 ; the values of the exchange rates, the stock market indices are for the closing and are expressed in the following manner: the exchange rate is presented as 1 Euro for x currency units for one country; and the return of the stock market is r = (log(stock index t )-log(stock index t-1 ). All the time series are expressed in logarithms, and in the case of BVAR the first difference operator is also applied to the time series.
The analysis procedure is the following: the test Bai Perron will be applied to identify the structural breaks and the analysis of sub-periods, and then the different descriptive statistics will be undertaken for these sub-periods, the ADF unit root test for the establishment of series stationary, then the Johansen cointegration procedure. From this point on, this analysis is divided into two complementary parts: if it is discovered that the series analysed are cointegrated, the VECM test is applied, and then the impulse response functions are computed; if the series are not cointegrated on a long term, the time series are differentiated, and the Bayesian VAR model is applied through the imposition of constraints for variables, and then the impulse response functions are applied.
Taking into account that the two crises occurred during the studied period, namely, dot.com and the 2007-2009 financial crisis, the existence of structural breaks will be estimated by using the Bai-Perron test. The maximum number of structural breaks is set at 5 and the shortest distance between two breaks is 50. Table 1 shows the estimation results of the BaiPerron test in the 5 countries and the 10 time series, respectively, stock market and exchange rate.
As it can be observed in Table 1 , all the time series for the countries analysed present 4 structural breaks. It can be noticed in Table 1 that all the countries have the first structural break around the months of February and October of the year 2002, which suggests the end of the effects of the dot.com crisis. The second structural break is presented during the months of January -September 2005 (corresponding to the period following the EU adherence). The third structural break and the most important one is found during the period June -December 2008, which shows the contagion of these markets with the international markets, caused by the Lehman failure in mid-September. The last structural break belongs to the post-crisis period of recovery of stock markets occurring during the interval July 2010 -October 2011, when the national markets succeeded in getting back on track. The analysed series will be shared by using these structural breaks in 5 distinct sub-periods, namely, the dot.com crisis and its recovery ( Source: authors' calculations using Eviews7. Table 2 presents the descriptive statistics for the exchange rates and stock market returns. It can be observed that during the 1st and 4th periods (recovery after crisis and crisis) the returns of the stock indices are negative for all the countries analysed, whereas during the growth periods the returns are positive. The returns of the exchange rates have the same features: positive values in times of growth and negative values during the crisis. Due to the strong variations between the daily values, the highest returns are found during the crisis period. As for the distribution, the time series are not normally distributed having the highest values of the Jarque Bera test during the crisis periods.
In order to set the time series stationary, the Augmented Dickey Fuller test (ADF) is used; its results are presented in Table 3 . The series analysed in a logarithmic value for all the sub-periods are non-stationary in level 1, but they become stationary after applying the first difference operator. Therefore, all the series taken into consideration are I (1). Source: authors' calculations using Eviews7, data from Datastream. Source: authors' calculations using Eviews7.
Taking into account that all the series are I (1), the cointegration relationships in a long-term of using the Johansen procedure are tested. In order to examine the long-run compatibility between the returns of the stock market indices and the exchange rates, the cointegration relationships between the two variables will be verified. If the exchange rates influence the stock returns in a cointegration relationship, the Vector Error Correction Model (VECM) can be used to test this correlation. If the time series are not cointegrated, this implies that the two variables may vary in such a way that there is no correlation between them on a long term, and that the forecasts for the two markets can be significantly different. The Johansen cointegration test enables testing the cointegration relationship with an unknown number of cointegration vectors estimating both the cointegration vectors and the number of cointegration relationships. As there is a system of two series I (1), the results will show a cointegration relationship at the most. Table 4 presents p-value and the number of cointegration equations for the Johansen test within the equation system between the exchange rates and the stock markets indicators for each country and each sub-period. As it can be noticed, there are no cointegration relationships on a long term between the two variables analysed in Poland (a potential explanation could be a strong and relatively independent economy of this country); there are cointegration relationships in the other countries: a single cointegration relationship during the crisis in the Czech Republic; two cointegration relationships during the crisis and post-crisis in Hungary; three cointegration relationships before the crisis, during the crisis, and post-crisis in Romania. It can be observed that during the first periods P1 and P2, there are no cointegration relationships between the indicators under study, since the markets behaved independently during the growth periods.
The results obtained from the Eastern European countries are similar to those obtained by Climent and Meneu in 2003 and Guo et al in 2011 , using as a basic research study the USA and the Asian countries; when the stock markets are in full crisis, the returns will be smaller and the volatility will be higher, whereas the correlation between markets tends to be higher. In other words, the correlations between the foreign exchange and the stock markets are strengthened during the unstable periods. Source: authors' calculations using Eviews7.
The analysis will continue with the development of some VECM models for the countries and sub-periods, for which cointegration relationships have been found. Table 5 presents the results of the models developed. The VECM estimation for the analysed series leads to the conclusive results: the estimated coefficients used to reveal the long-term balance are statistically significant in all the models and for all the sub-periods; the foreign exchange rates and the stock markets are connected in a long-term equilibrium relationship, and the changes in the exchange rates transfer to the stock markets and the other way round; the relationship between the national and European markets is in all cases negative (one's increase leads to another one's decrease); the relationship between the stock exchange and the foreign exchange rates is either positive (for Hungary and Romania during the 3 rd and 4 th periods), or negative (for the Czech Republic during the crisis period and for Romania during the post-crisis period: the decline of the stock market leads to the increase of the foreign exchange rates). Source: authors' calculations using Eviews7.
The impulse response function as an econometric technique was used to investigate the short-term impact (up to one year), caused by the autoregressive vector when it received some impulses. The impulse response function describes the response of errors to the endogenous variables, more precisely the future responses of the endogenous variables to the disturbing influence term. The impulse response function shows that the Kruna variations in the Czech Republic have a negative immediate effect on the PX stock market index which reaches a maximum on the third day (-0.04) and it remains negative until the 10 th day (-0.004). The variations of the Forint in Hungary during the period 4 lead to the stock market decline for 3 periods, when it reaches the minimum of -0.002, after which it has growth effects, and from the period 8 the impact is also positive; during the period 5 the Forint variations lead to the continuous drop of the stock market. The Leu variations in Romania during the period 3 lead to continuous decreases of the BET stock index; during the period 4 the Leu variations initially lead to BET increases until the 2 nd day, then to the decrease with a minimum of -0.00061 on the 4 th day, and then again increases, so that on the 8 th day it becomes positive again; during the period 5 there is initially a BET increase to 0.000296, until the 2 nd day, then it drops the following day at a minimum of -0.00022, and afterwards an increase occurs reaching a positive value on the 4 th day.
Source: authors' calculations using Eviews7. The relationship between the two variables by means of the Bayesian VAR will be analysed for the sub-periods, when no long-term cointegration relationships occur between the stock markets and foreign exchange rates.
The relationship between the analysed indicators in the Czech Republic is positive for the first two periods: the stock markets and the foreign exchange rates vary in the same direction; the relationship is negative for the periods 3 and 5: the decrease in the foreign exchange rate leads to the increase of a stronger stock market during the recovery period rather than during the crisis period. Hungary manifests stock market increases at the Forint variation during two periods, followed by stock market drops and for another period the inverse variation relationships. The Zlot variations in Poland during the crisis period 1, 4, and 5 lead to the drops of the stock market index, while during the growth periods 2 and 3 the exchange rates and the stock markets vary in the same direction.
As it can be noticed from the following figures, each East European country under analysis manifests during the respective sub-periods; the two types of behaviours specific to the markets: the first one is characterized by the premise that a shock in the national currency variation leads to the increase of the stock market (this is in compliance with the "portfolio" type approach of the relationship between stock markets and foreign exchange rates, which suggests that the stock market leads the foreign exchange with a positive correlation), and the second type which is characterized by a shock in the variation of the national currency leading to an initial drop of the stock market, followed by subsequent positive changes (this is in accordance with the traditional approach of the relationship between the two variables suggesting that the foreign exchange rates lead the stock market).
Despite all this, the sign of the correlation can exist in one way or the other, in accordance with the real position of the respective country at the moment of the shock occurrence, namely, depending whether it is a net currency exporter or importer. The net effect on the aggregate stock index cannot be a priori determined, and as a consequence the sign can be positive or negative (Granger et al., 2000) . The results that have been obtained so far are similar to the ones obtained by other authors researching developed markets (Granger et al., 2000; Goldstein et al., 2000; Caporale, 2014) or even East-European markets (Stavárek, 2004; Poshakwale, Murinde, 2001; Fedorova, Saleem, 2010) .
The impulse response function for the Czech Republic in the 1 st and 2 nd period shows that the Kruna variations have an immediate positive impact on the PX stock market index which reaches its maximum on the second day (0.000311), and then it drops until the 4th day, when it reaches the level zero and with no effects in the future. IRF for the periods 3 and 5 implies that the Kruna variations have an immediate negative effect on the stock market reaching minima of -0.00014 and -0.0007 on the second day, and then the shock effects are mitigated and the stock market recovers on the 3 rd and 4 th day.
Source: authors' calculations using Eviews7. The Forint and BUX vary positively together in Hungary on the first two days during the 1 st and 3 rd period, and then on the 3 rd day it drops to negative values of -0.00071 and -0.00027, so that the stock markets should start growing and obtain positive values on the 5 th day (5.95E-05 and 2.47E-05), the initial shock manifesting itself towards zero on the following days. The 2 growths, the exchange rate, and the capital market varies in the opposite direction during the periods: initially due to the Forint shock, BUX starts to drop until the 2 nd day to -0.0006, and afterwards it starts to recover and grow.
Source: authors' calculations using Eviews7.
Figure 3. Impulse Responses for Returns of Hungarian Forint and BUX
The Zlot variations in Poland during the crisis period 1, 4, and 5 lead to decreases of the stock market index, while during the growth periods 2 and 3 the exchange rates and the stock market vary in the same direction.
Source: authors' calculations using Eviews7. In Romania during the periods 1 and 2, to an initial RON shock, there is a BET growth until the 2 nd day, and the 4 th day, respectively, and then decreases until negative values take place on the 4 th day or null values on the 6 th day.
Source: authors' calculations using Eviews7. 
Conclusions
The study provides new empirical results in the analysis of the interaction between the exchange rate and the capital market for 4 East European countries, namely, the Czech Republic, Hungary, Romania, and Poland taking into consideration the period of 15 years: January 2000 -April 2014. The used method in the analysis was the Bayesian VAR, so that better results should be obtained in the estimation of regression by means of imposing constraints based on economic phenomena.
The analysis started with testing of the existence of some structural breaks, taking into account the occurrence of the 2008 financial crisis; the data series were distributed in four specific lags corresponding to a certain phenomenon at a global level.
The results of this research are similar to those obtained by the other authors (Climent, Meneu, 2003) . The main discovery is that during the crisis the exchange rate and stock market tend to be cointegrated for 3 of the 4 considered countries. Poland is the country for which the two variables are not cointegrated, which can be explained by the strength of its economy and stock market.
In the case of the Czech Republic, Hungary, and Romania, the Bayesian VAR model was tested, for which the following condition has been imposed: the lack of contemporary reaction of the European markets to the shock of the local stock market. The results are similar to those obtained by the other authors (Guo et al., 2011) : the variations of the stock market cause instantaneous shocks on the exchange rate, either positive or negative, and on growth or recovery after the crisis, according to the economic period studied. In their turn, these variations do not last more than three days in all Eastern European countries; after this period the markets recover and assimilate the initial shock.
The main findings are as follows: in the countries where the economy and the stock market are less developed and external shocks have influence, there exists cointegration relationships between the exchange rate and stock market; in the countries that have a strong economy such relationship does not exist because the stock market is not sensible to external shocks. Moreover, in tranquil times the "stock approach" theory manifests for the analysed countries, meanwhile in periods of economic crisis the "flow approach" theory is accepted.
